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THE OPTIMUM HYDROGEN-ION CONCENTRATION FOR 

THE GROWTH OF B. TYPHOSUS, AND B. 

PARATYPHOSUS A AND B 

EXPERIMENTAL TYPHOID-PARATYPHOID CARRIERS. II 

P. SCHOENHOLZ AND K. F. M E Y E R 

From the George WUliams Hooper Foundation for Medical Research, Unh'crsity of 
California Medical School, San Francisco 

It is known that B. typhosus and the allied organisms of this group 
grow best in a neutral or slightly acid medium. The present study was 
undertaken to determine the probable range of growth and the optimum 
H-ion concentration. 

There are two methods commonly employed to measure the H-ion 
concentration of a solution. The first is by means of the H-electrode, 
the second is the colorimetric method. For very accurate work, in 
which slight changes in H-ion must be determined, or in which the 
greatest possible accuracy is to be attained, the first method of measur- 
ing H-ion concentration is generally used. However, when the changes 
in H-ion concentration extend over a broad range, and when the method 
of experiment calls for a large number of determinations of only rela- 
tive accuracy, the second method is to be preferred. This is particularly 
true when the solutions to be tested are more or less complex and the 
salt and protein content interferes with the electrometric determinations. 

The ability of ceftain solutions to resist changes"in H-ion concentra- 
tion is called its buffer action. The body fluids, ordinary Witte's peptone 
solution, solutions of weak acids, such as phosphates, borates and 
acetates, and many others, exhibit this property. This behavior of 
certain substances in solution has been used by several investigators in 
the preparation of solutions of known H-ion concentration. Sorensen ^ 
carefully studied such a set, as did Walpole ^ and Palitsch ' ; Clark and 
Lubs * have recently modified these sets slightly. In our work, we have 
found it necessary to prepare these buffer solutions in a range extend- 
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ing from Ph + 4.0 to Ph + 9.0. These solutions were carefully pre- 
pared ° and checked (through the kindness of Dr. Schmidt) with a 
H-electrode. 

Up to recent years one of the main objections to the use of the 
colorimetric method for the determination of H-ion concentration in 
bacteriologic work was the scarcity of brilliant indicators covering the 
entire range of H-ion concentration. Phenolphthalein, an indicator 
most commonly used, has a range on the alkaline side from Ph + 8.0 to 
Ph + 10.0. Litmus it not sensitive or brilliant enough for colorimetric 
work. Methyl red has been used and has proved very satisfactory. It 
passes from its full acid color into its alkaline color as the H-ion con- 
centration falls from Ph + 4.8 to Ph + 6.4. Through the work of 
Clark and Lubs,* however, several new and brilliant indicators have 
become available for this work. Methyl red, bromthymol blue, cresol 
red and thymol blue were the indicators most generally used in this 
work. 

There has been a great deal of discussion relative to the death point 
and its relation to the H -|- ion concentration. Bruenn,* using mixtures 
of lactates as well as acetates of a definite H -f- ion concentration, came 
to the conclusion that the disinfection which takes place at high H + ion 
concentrations depends on the Ph +. He found that the death point of 
B. coli was between Ph 4.7 and 4.4 ; for B. typhosus between Ph + 5.6 
5.0-4.7. We have not noted quite as large a range in our experiments, 
as will be indicated later. Winslow and Lockridge ^ have shown that 
typhoid bacilli are a little less than half as resistant as B. coH to dilute 
acids. Using HCl and HjSOj, the toxicity depends on the H + ion 
concentration; the undissociated part of the molecule exerts no toxic 
effect. Organic acids, such as benzoic or acetic acids, are toxic for these 
organisms in strengths in which they are only slightly dissociated. The 
toxicity is the result of the undissociated part of the molecule. The 
accumulation of similar organic acids might account for the phenomena 
observed by Clark, that the final H + ion concentration is lower in 
more highly buffered mediums. 

In order to determine the degree of acidity or alkalinity necessary to 
inhibit B. coli in the animal body, Shohl and Janney ^ studied the growth 
of these organisms in urine at varying H + ion concentrations. They 

■^ We are indebted to Mr. P. Edson for the preparation and standardization of tliese 
solutions. 

" Jour. Urology, 1917, 1, p. 211. 
' Jour. Infect. Dis., 1906, 3, p. 547. 
» Jour. Urology. 1917, 1, p. 211. 
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showed that these organisms were inhibited in their growth at a Ph + of 
4.6-5.0 on the acid side, and from Ph + 9.2-9.6 on the alkaline side. 
The optimum growth for B. coli was between 6.0-7.0. They also tested 
the Rawlings strain of B. typhosus (our strain 6) and state that the 
typhoid bacillus has narrower Umits, showing no growth at Ph + 5.0 
on the acid side, or Ph + 8.8 on the alkaline side. Quite recently 
Winslow, Kligler and Rothberg^ found that B. typhosus (Rawlings' 
strain) produces, inside of 24-96 hours, in hexoses an acid reaction 
of Ph + 5.5-5.0, which remains practically constant. 

TABLE 1 

Hydrogen-Ion Concentration of Mixtures of Salt-Free Broth, Hydrochloric Acid 

OR Sodium Hydroxide and Phosphates 

10 cc broth -I- 2 cc 5M phosphates -I- HCl or NAOH -f H2O = 13 cc 
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The exact effect of variations in the H + ion concentration of cul- 
ture mediums on B. typhosus has not been investigated extensively. It 
was thought advisable to investigate this problem before attempting 
other work in which variations in the H -j- ion concentration are con- 
cerned. Moreover, it will be evident from the observations reported in 
subsequent papers (6, 7 and 8) of this series, that a detailed knowl- 
edge of the H-ion requirements of an organism is absolutely essential 
before an explanation can be attempted relative to the behavior of a 
bacterium in the body fluids or the secretions of an animal. 



« Jour. Bacterid., 1919, 4, p. 471. 
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Technic. — Preparation of Mediums : The mediums were prepared by allow- 
ing 500 gm. of lean veal to infuse in 1000 c c of tap water on ice over night. 
This infusion was boiled for 20 minutes, strained through cheese cloth and 
allowed to cool. The fat was removed by filtration, 1% "Difco" peptone was 
added, and the medium adjusted to a reaction of Ph + 7.4. After stabilization in 
the Arnold for 30 minutes, the broth was filtered and sterilized by fractional 
sterilization in live steam for 3 consecutive days. This "salt free medium" was 
made in large quantities. The same lot of medium was used for the entire 
series of experiments. 

TABLE 2 

Influence of Salt Concentration on the Growth of B. Typhosus 
Incubation 18 Hours at 37 C. 
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TABLE 3 

Influence of Phosphates on B. Typhosus Broth and Phosphate Mixture 
(7 Parts NasHPO, + 3 Parts KHjPO,) 

+ 0.1 c c of 1 : 10,000 20-hour broth culture -f distilled HoO = 5 c c 



Strain 





Kearney 






Jacobs 






Blair 






Molal 
















Tube 


Concen- 
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To each 10 c c of medium NaOH or HCl was added in order to obtain the 
■desired reaction. Two cc of O.SM NaaHPOi and 0.5M KHjPO. mixtures 
(Na2HP04 being alkaline and KH-POi being acid in reaction) were added in 
■order to keep the H-ion concentration constant during the course of the experi- 
ment. By combining these solutions in certain proportions a series of tubes 
Tarying in reaction from Ph + 4.3 to Ph + 9.0 were obtained. Such a series is 
shown in table 1. 
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Three c c quantities were tubed and inoculated with 0.1 c c of a 1 : 10,000 
dilution of a 24-hour "salt-free broth" culture. Growth was determined after 
24 hours' incubation by the plate method. Triplicate plates were poured with 
veal infusion agar, Ph + 6.8-72, and counted after 24 hours. The remainder 
of the culture was sterilized in the Arnold for 30 minutes and the H-ion concen- 
tration determined. A control tube was also incubated and heated in the same 
way and the H-ion concentration determined. Variations in the H-ion con- 
centrations were seldom found, except on the extreme alkaline side. These 
results are in accord with those obtained by Dernby and Avery", in their work 
on the growth of pneumoccoccus. 

Isolation of Strains. — The strains were isolated on brilliant green mediums 
and transferred to peptic digest agar slants. For the experiments the cultures 
were purified on brilliant green or plain agar plates. Single colonies were 
transferred to veal infusion agar slants (Ph -f6.8-7.2) and kept at room 
temperature. 

TABLE 4 
Optimum Growth of B. Typhosus; Stock Cultures 
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* Isolated from the blood in a severe case ol typhoid complicated with cholecystitis and 
gall stones. 

t Isolated from blood of a fatal case of typhoid, November, 1917. 

i Isolated from a renal carrier, April, 1917. 

i Typical typhoid isolated from blood of a moderately severe case of typhoid, July, 1916. 

Experimental Data. — The Influence of Salts on the Growth of B. typhosus : 
Preliminary experiments were conducted to determine the effect of varying 
concentrations of KCl, NaCl, KHzPOi and Na2HP04 on B. typhosus. The 
results of these experiments are shown in tables 2 and 3. 

According to table 3 a 0.4 M solution of NajHPO^-KHjPO^ mix- 
ture, is bacteriostatic, although it does prevent growth ; a 0.3 M solution 
of phosphate is, however, more inhibitive than a 0.3 M solution of NaCl 
or KCl, etc. Since NaoHPO^ and KH2PO4 dissociate into 3 ions as 
compared to the 2 ions of the NaCl or KCl solution, a molal solution 



» Jour. Exper. Med., 1918, 28, p. 345. 
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of NajHPOj or KHjPO^ has a greater osmotic pressure than a molal 
solution of KCl or NaCl. The ratio of the comparative strength of the 
solution to the osmotic pressure is about as follows : Molal concentra- 
tion of NaCl : molal concentration of Na2HP04 = 2:3 Isosmotic solu- 
tions of NaCl and NagHPO^, therefore, produce about the same effect 
on B. typhosus. The phosphate concentration used in these experiments 
was kept far below that concentration which causes inhibition. 

OPTIMUM GROWTH OF B. TYPHOSUS AND B. PARATYPHOSUS A. AND B. 
IN THE STANDARD "BUFFERED" MEDIUM 

The determination of the optimum H-ion concentration for the 
growth of B. typhosus was conducted as previously stated. The results 
are shown in the following tables : 



TABLE 5 
Optimum Growth of B. Typhosus; Stock Cultures 
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5.0 


99,000 


4.9 


4.9 


19,000 
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• Isolated from urine ol patient suffering from renal calculi, November, 1916. 
t Isolated from blood on the twelfth day of the disease, in a moderately severe case ol 
typhoid, June, 1916. 

J Isolated from blood in a moderately severe case of typhoid, October, 1816. 

It will be seen from tables 4 to 7, inclusive, that the range of growth 
of B. typhosus is large. The optimtim growth is between Ph -j- 6.8-7.0, 
or slightly on the acid side. Slight variations may occur, but most of 
the strains tested showed the same optimum range of growth. B. coli 
(Shohl and Janney), as compared to B. typhosus, shows a more pro- 
nounced optimum zone of growth and a large range. The results of 
17 experiments on stock cultures have been averaged and are shown in 
the chart by the unbroken line. The logarithms of the number of 
organisms per cubic centimeter of medium are plotted as ordinates 
against the H-ion concentrations as abscissae. 
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It is evident that the rise in the curve on the acid side is greater than 
on the alkahne side. In other words, even though B. typhosus grows 
best in a slightly acid environment, it may be slightly more tolerant to 
alkalies than to acids. 

One interesting point brought out by these experiments was that 
slight changes, near the limiting H-ion concentration, produced more 
marked changes in growth than approximately the same changes near 
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Chart 1. — Growth curve of B. typhosus. The growth of stock strains is represented by the 
unbroken line; the growth of recently isolated strains, by the dash and dot line. 

the optimum H-ion concentration. For instance, in the "Blair" strain 
(table 4), a change from Ph + 4.8-5.0 caused a change in growth from 
97,000 organisms per c c to 41,000,000 organisms per c c ; while a change 
from Ph + 6.4-Ph + 6.6 resulted in a change of 10,000,000 organisms 
from 480,000,000-580,000,000. The "Kearney" strain failed to grow at 
at Ph + 4.3 and at 4.8, while at Ph -f 5.2, 92,500,000 organisms were 
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counted per cc. A change from 6.4 to 6.8 produced no recordable 
change in growth. 

Another important observation was made. Recently isolated cul- 
tures had a decided optimal zone of growth which was more marked 
than in the stock cultures. The dash and dot line in the chart represents 
the results obtained by averaging 6 experiments conducted with recently 
isolated strains. Stock cultures exhibited an optimum zone with a 
definite optimum point of growth, while recently isolated strains devel- 
oped in an optimum zone. Moreover, the range of growth of the latter 
strains was greater and the tolerance for alkali was more marked. This 
was particularly striking with the "C" strain, table 6. The growth of 
this strain was as profuse at Ph -|- 7.9 as at Ph -|- 7.0. The inhibition 
at Ph -|- 8.6 was not as marked as in the stock cultures. These observa- 
tions were suggestive of bacterial adaptation to alkali and acid, and were 
considered of utmost importance in connection with the problem of 
urinary and gallbladder carriers. 

These findings have some bearing on the selection of the medium to 
be employed in the isolation of B. typhosus. The optimum reaction for 
Endo-medium is Ph + 7.8-Ph -f- 8.4. Such a concentration of alkali 
is inhibitive for B. typhosus. The optimum reaction for a brilliant 
green medium is Ph -|- 7.0. As far as reaction is concerned, the latter 
medium, is therefore preferable to Endo's agar. It was pointed out by 
Stickel and Meyer ^ that a negative finding of a stool containing few 
typhoid bacilli may be misleading when the usual Endo-medium is used. 
The results obtained in the present study fully confirm these views. 

Table 7 shows the effect of varying H-ion concentrations on the 
growth of paratyphosus A and paratyphosus B. 

It is obvious from table 7 that the paratyphoid strains showed an 
optimum growth at the same H-ion concentration as the typhoid strains, 
but exhibited a marked plateau on either side of the optium. The 
para B strains investigated are more alkali-tolerant than the para A 
strains. 

Para A 2 was isolated from a rabbit which was sacrificed on the 
816th day as a chronic gallbladder carrier. The bile and the duodenal 
strain, being recently isolated, were expected to grow in a plateau curve, 
but in our tests the reverse was noted, namely, the bile strain showed 
a decided optimum at Ph -|- 6.5 while the duodenal strain grew in a 

" Jour. Infect. Dis.. 1918, 23, p. 48. 
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plateau from Ph + 6.6 to Ph + 7.4. The original stock culture behaved 
in a similar manner, namely, a plateau from Ph + 6.6-Ph + 7.5. In 
fact, the growth at Ph + 7.5 was slightly greater than at Ph + 6.8. 
These differences, which were determined by repeated tests, cannot be 
explained. It is not unlikely that the prolonged sojourn in a blocked 
gallbladder, the exposure to various products of inflammation, produced 
a tolerance to acid. This observation supports the conception that bac- 
teria may undergo a process of adaptation while resident in the tissues 
of an immune host. Changes in the growth curve may be one of the 
newly acquired properties of the protoplasm which can be readily 
recorded. Growth curve studies may therefore be of value in the study 
of bacterial adaptation. 

SUMMARY AND CONCLUSIONS 

B. typhosus has a range of growth from Ph + 5.0 to Ph + 8.6 
with an optimum growth at Ph + 6.8-Ph + 7.0 in a salt-free veal 
infusion broth. Above or below these limits the resulting growth in 
comparison is very slight. 

Large variations in the H-ion concentration near the optimum zone 
produce only slight eflfects on the growth of the organisms, while slight 
variations at the limiting zone produce a marked effect. These observa- 
tions are fully in accord with the results reported by Cohen and Clark '^ 
in their studies on the growth of certain intestinal organisms at different 
concentrations. In the region near the optimum H-ion concentration 
the tolerance for alkali seems to be slightly greater than for acid. 

Stock cultures isolated from stools, blood and urine of typhoid 
patients or carriers have a more decided optimum than recently isolated 
cultures of similar cases. In such cultures the plateau of the growth 
curve is much more pronounced and extends over a wider range than in 
stock cultures. The latter is suggestive of microbic adaptation to 
changes in H-ion concentration in body fluids, particularly urine and 
bile. 

B. paratyphosus A and B have a range of growth at var)ang H-ion 
concentrations similar to that of B. typhosus but exhibit a greater 
tolerance for alkali than B. typhosus. 

« Jour. Bacterid., 1919, 4, p. 409. 



